IMAGE DATA CONVERSION METHOD 

BACKGROUND OP THE INVENTION 
1, Field of the Invention 

5 The present invention relates to an image data 

conversion method for converting input image data into 

output image data for recording operation. 

2« Description of Related Art 

Full color images can be ideally reproduced using 

10 three primary colors of cyan, magenta, and yellow • However* 
when a so-called gray scale is reproduced using a balance of 
inks in the three primary colors of cyan (C), magenta (M) , 
and yellow (Y) , it is very difficult to create a gray scale 
with a perfect balance in all tones. Sometimes, the 

is resultant gray scale can appear with coloring, or with 
insufficiently dense black color. 

To produce a single black dot image, pixels in the 
three primary colors of cyan, magenta, and yellow are 
ejected onto a recording medium at the same dot image 

20 position. If the pixels are ejected at positions slightly 
shifted from one another, then the region around the subject 
dot position will have coloring other than black ♦ As a 
result, a sufficiently black color cannot be attained. 

For the above-described purposes, presently-used many 

25 image recording devices, such as full-color printers , 
normally record full-color images using ink in four colors 
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including: black (K) in addition to the three primary colors 
of cyan, magenta, and yellow. 

SUMMARY OF THE INVENTION 
In this way, by using black color in addition to the 

5 three primary colors of cyan, magenta, and yellow, color 

images can be recorded with a proper black quality. However, 

the following problem still occurs. 

When dots of black ink are ejected directly onto a 

light colored portion r the black dots will give the light 

10 colored portion a 'rough " dot appearance, resulting in an 
unnaturally- looking color image. For example, in order to 
record an image of a shadow falling on a color image of a 
person, three primary colors of cyan, magenta, and yellow 
are used to reproduce the image of the skin portion of the 

15 person and black ink is ejected onto the skin portion to 
reproduce the image of the shadow portion* In this case, 
dots of black ink make the light colored skin portion appear 
rough and unnatural „ 

When image data is configured from three primary 

20 colors of red (R) , green (G) , and blue (B) , images can be 
recorded using four colors of cyan, magenta, yellow, and 
black by converting the RGB image data into CMYK image data 
configured from four colors of cyan, magenta, yellow, and 
black. In this case, the "roughness* problem described 

25 above can be handled in the following conceivable manner. 
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First , as shown in Pig. l f an achromatic or gray 
component (g) is calculated based on the input image data (R, 
G, B) which is formed from the three primary colors of red, 
green, and blue. Then, chromatic components (c, m, y) are 
5 calculated based on both of the achromatic component (g) and 
the input image data (R, G, B) , In order to distribute the 
calculated achromatic component (g) into the chromatic 
components {c, m, y) , a so-called GCR (Gray Component 
Replacement) conversion or the like is performed onto the 

10 calculated achromatic component (g) so as to calculate 
distribution data (Gc, Gm, Gy) and an achromatic component 
(K) . The achromatic component (K) will be actually 
outputted as a black color component of the CMYK image data. 
By combining the distribution data (Go, Gm, Gy) to the color 

15 components (c, m, y), cyan, magenta, and yellow components 
of the CMYK image data are obtained. Thus, the input image 
data (R, G, B), configured from the three primary color 
components of red, green, and blue, is properly converted 
into output image data (C, M, Y, K) , which is configured 

20 from the four colors of cyan, magenta, yellow, and black. 
When color images are recorded based on the output image 
data (C, M, Y, K) , generation of black ink dots on light 
colored portions can be suppressed, so that undesired black 
ink "roughness" can be prevented from occurring. 

25 It is noted, however, that input image data is not 



3 



always configured from three primary colors of red, green, 
and blue, but can be configured from four color components 
of cyan, magenta, yellow, and black. However, the above - 
described conceivable method cannot convert input image data 
s (C, M, Y, K) t that is configured from the four color 
components of cyan, magenta, yellow, and black* into output 
image data (C, M f Y, K) for recording operation. 

It is noted that when RGB input image data (R, G, B) 
represents a color image, the gray component of the color 

10 image can be represented by the achromatic component (g) 
only. However, when CMYK input image data (c r M, Y, K) 
represents a color image, the gray component of the color 
image can be represented not only by the K component but 
also by CMY components because CMY and RGB are complementary 

is colors, it is therefore difficult to properly separate a 
gray component from the CMYK input image data. 

It is therefore an objective of the present invention 
to provide an image data conversion method for converting 
input image data, configured from the four color components 

20 of cyan, magenta, yellow, and black, into output image data 
appropriate for an image recording device to record in full 
color so that black ink * roughness" does not appear 
noticeable in light colored portions. 

In order to solve the above and other objects, the 

25 present invention provides an image data conversion method 
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for converting input image data for four color components of 
cyan, magenta, yellow, and black into output image data for 
recording operation, the method comprising the steps of: 
receiving input image data for four color components of cyan, 
5 magenta, yellow, and black; dividing the input image data 
for black component into distribution data for the four 
color components of cyan, magenta, yellow, and black, 
thereby converting the input image data for the black 
component into output image data for the black component; 

10 and combining the distribution data for cyan, magenta, and 
yellow color components and the input image data for the 
cyan, magenta, and yellow coior components, respectively, 
thereby converting the input image data for the three color 
components of cyan, magenta, and yellow into output image 

X5 data for the three color components of cyan, magenta, and 
yellow. 

The distribution data for the black color component 
may preferably have a characteristic that the distribution 
data has a tone value of zero when the tone value of the 

20 input image data for the black component is lower than a 
predetermined reference tone value, that the tone value of 
the distribution data becomes greater than aero when the 
tone value of the input image data for the black component 
is equal to or greater than the predetermined reference tone 

25 value, and that the tone value of the distribution data 
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increases as the tone value of the input image data for the 
black component increases from the predetermined reference 
tone value* 

Thus, in the middle and dark tone regions where the 
s tone value of the input image data for black color component 
is greater than the reference tone value , the amount of the 
black color component, to be reproduced by black ink, will 
increase as the tone value of the input image data for black 
color component increases* Accordingly, it is possible to 

10 prevent the gray scale from being colored in the dark tone 
region. It is possible to prevent the gray scale from 
having insufficient black density. 

The distribution data for the three color components 
of cyan, magenta, and yellow may have tone values to 

15 reproduce, with cyan, magenta, and yellow color components, 
a gray scale whose tone level corresponds to a difference 
between the tone value of the distribution data for the 
black component and the tone value of the input image data 
for the black component. 

20 Accordingly, even when black color component is added 

to the middle of the gray scale reproduced by cyan, magenta , 
and yellow, the gray scale will have a smooth gradual tone 
representation with no point of inflection in its tone level* 
The reference tone value may be set to a tone value 

25 that can produce, according to the distribution data for the 
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three color components of cyan, magenta, and yellow, a color 
patch that has an optical density whose value has a 
predetermined relationship with another optical density 
represented by another color patch that is produced 
5 according to image data of the maximum tone value for the 
black color component. For example, the reference tone 
value may be set to a tone value that can produce, according 
to the distribution data for the three color components of 
cyan, magenta, and yellow, a color patch that has an optical 

xo density whose value is equal to a half of another optical 
density represented by another color patch that is produced 
according to image data of the maximum tone value for the 
black color component. 

Accordingly, output of dots of black ink will be 

15 started after the optical density obtained by ink of the 
three colors of cyan, magenta, and yellow has a sufficiently 
high value. Accordingly, black ink dots will appear 
unnoticeable to human visual sense, but will provide a 
desirable natural-looking full color image . 

20 The manner of combining the distribution data to the 

input image data may be switched according to the tone 
values of the input image data for the three color 
components of cyan, magenta, and yellow. Accordingly, 
processings suitable for the respective regions of: the 

55 brightness tone region, the intermediate tone region, and 
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the dark tone region, can be switchingly performed 
automatically. Tone reproducibility can be enhanced. 

The dividing step may include the step of combining 
the distribution data for black color component with the 
5 input image data for the black color component , thereby 
converting the input image data for the black color 
component into the output image data for the black color 
component , 

When a brightness index, determined based on the tone 

10 values of the input image data for the three color 
components of cyan, magenta, and yellow, is located in a 
predetermined dark tone region, the input image data for the 
four color components of cyan, magenta, yellow, and black 
may be converted, as it is, into the output image data* 

15 When the brightness index is located in a predetermined 
intermediate tone region, the distribution data for the four 
color components may be adjusted before being combined with 
the input image data for the corresponding colors* For 
example, when the brightness index is located in the 

20 predetermined intermediate tone region, the distribution 
data for the four color components may be multiplied with a 
coefficient, of a value greater than zero (0) and smaller 
than one (1), before being combined with the input image 
data for the corresponding colors. 

25 In the dark tone region, four color components of cyan. 
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magenta , yellow, and black are reproduced by four color inks 
of cyan, magenta, yellow, and black, respectively. It is 
therefore possible to prevent degradation of tone 
characteristic- It is possible to effectively prevent 
5 occurrence of insufficiency in black density that will 
possibly occur when black color component is distributed to 
the three color components of cyan, magenta r and yellow in 
the dark tone region. 

The input image data for the three color components of 

10 cyan* magenta, and yellow may be subjected to a compression 
process before being combined with the distribution data for 
the three color components of cyan, magenta, and yellow, 
thereby preventing the output image data from exceeding a 
predetermined maximum tone value . 

15 Accordingly, the output image data, obtained for the 

three color components of cyan, magenta, and yellow, will 
not overflow even when it is obtained by the combination of 
distribution data with the input image data for the 
corresponding colors. It is possible to effectively prevent 

20 tone from flattening in the dark tone region, but will 
ensure generation of a suitable gradation in the tone. 

According to another aspect, the present invention 
provides an image data conversion apparatus for converting 
input image data for four color components of cyan, magenta , 

25 yellow, and black into output image data for recording 
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operation, the apparatus comprising: a receiving unit 
receiving input image data for four color components of cyan, 
magenta, yellow, and black; a dividing unit dividing the 
input image data for black component into distribution data 
5 for the four color components of cyan, magenta, yellow, and 
black, thereby converting the input image data for the black 
component into output image data for the black component; 
and a combining unit combining the distribution data for 
cyan, magenta, and yellow color components and the input 

10 image data for the cyan, magenta, and yellow color 
components, respectively, thereby converting the input image 
data for the three color components of cyan, magenta, and 
yellow into output image data for the three color components 
of cyan, magenta, and yellow. 

15 According to still another aspect, the present 

invention provides a data storage medium storing , in a 
manner readable by a computer , data of an image data 
conversion program for converting input image data fox* four 
color components of cyan, magenta, yellow, and black into 

20 output image data for recording operation, the program 
comprising; a program of receiving input image data for four 
color components of cyan, magenta, yellow, and black; a 
program of dividing the input image data for black component 
into distribution data for the four color components of cyan, 

25 magenta, yellow, and black, thereby converting the input 
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image data for the black component into output, image data 
for the black component; and a program of combining the 
distribution data for cyan, magenta, and yellow color 
components and the input image data for the cyan, magenta, 
5 and yellow color components, respectively, thereby 
converting the input image data for the three color 
components of cyan, magenta, and yellow into output image 
data for the three color components of cyan, magenta, and 
yellow. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Tha above and other objects, features and advantages 

of the invention will become more apparent from reading the 

following description of the embodiment taken in connection 

with the accompanying drawings in which: 

15 Fig. 1 is a schematic view representing a conceivable 

image data conversion process executed for recording a full 
color image based on input image data that is configured 
from three primary colors of red, green, and blue; 

Fig, 2 is a block diagram showing electrical 

20 components of an image recording system for executing an 
image data conversion process, according to an embodiment of 
the present invention, to convert input image data that is 
configured from four colors of cyan, magenta, yellow, and 
black; 

25 Fig. 3 is a flowchart representing the image data 
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conversion process of the present embodiment; 

Pig, 4 is graph representing changes in a distribution 
process coefficient "Rate", which is used during the image 
data conversion process of Fig- 3, with respect to a 
5 brightness index 'Tamp" of input image data? 

Fig. 5 is a schematic view of a distribution table 
which is used during the image data conversion process; 

rig* 6 ie a graph representing how the black component 
of input image data is distributed into plural color 
10 components according to the distribution table of Fig* 5; 

Fig. 7 is a graph representing one method for 
calculating a reference tone value to be used during tTie 
image data conversion process; 

Fig. 8 is a graph representing how to determine 
15 distribution values for three color components of cyan, 
magenta, and yellow; 

Fig* 9 is a graph representing a method for combining 
distribution data to input image data during the image data 
conversion process; and 
20 Fig- 10 is a schematic view showing color patches 

produced according to another method for determining the 
reference tone value. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

Next, an image recording system according to an 
25 embodiment of the present invention will be described while 
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referring to the attached drawings. 

As shown in Fig. 2, an image recording system 100 of 
the present embodiment includes a personal computer 1 and a 
color printer 2- The personal computer 1 and the color 
5 printer 2 are connected by a dedicated interface cable 3 for 
data transmission. 

The personal computer 1 includes a central processing 
unit (CPU) 11, a read-only memory (ROM) 12, a random access 
memory (RAM) 13, a hard disk 14, a printer interface (I/P) 
10 15, and a cathode-ray tube (CRT) display 16 , all connected 
together by a bus 17 for data transmission. 

The CPU 11 is for executing various control operations 
and calculation operations according to various programs 
stored in the ROM 12 and according to other various programs 
xs retrieved from the hard disk 14 and stored in the RAM 13. 
The ROM 12 stores the various control programs, and also 
various types of data. 

The RAM 13 is capable of storing the various programs 
retrieved from the hard disk 14 f and also various data 
20 obtained from calculations performed by the CPU 11, 

The hard disk 14 serves as an auxiliary storage unit 
storing, as files , data and programs which are not stored in 
main memories such as the ROM 12 or the RAM 13. The hard 
disk 14 stores data of an image data conversion process 
25 program, for executing an image data conversion process {Fig. 
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3} to convert input image data (Ci, Mi, Yi, Ki) into output 
image data (Co, Mo, Yo f Ko) for recording operation. Thus, 
the hard disk 14 serves as a data storage medium storing 
data of a program o£ the image data conversion process . 
5 The hard disk 14 also stores a distribution table T 

(Fig- 5) which is used during the image data conversion 
processes* The hard disk 14 further stores a variety of 
profiles, such as a color correction table, a tone 
correction table, and a conversion table. 

io The printer interface 15 is for performing two-way- 

data transmission between the computer 1 and the color 
printer 2 according to a specific transmission protocol 
agreed upon by the computer 1 and the color printer 2. The 
CRT 16 is for displaying various types of data in a form 

15 visually recognizable by the user of the system 100. 

The color printer 2 includes an ink- jet type print 
unit 21 and a PC interface 22. The print unit 21 is capable 
of performing data transmission with the personal computer 1 
through the PC interface 22 and the printer interface 15. 

20 The print unit 21 is of a type that forms images on a 

recording medium by ejecting ink of four colors of cyan (C), 
magenta <M), yellow (Y), and Dlack (K) based on output image 
data (C, Mo, Yo, Ko) received from the personal computer 1. 
The print unit 21 is configured to record full color images, 

25 having density levels of 256 tones for each of cyan, magenta. 
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yellow, and black colors, by selectively ejecting dots of 
the four color inks according to the received output image 
data (Co, Mo f Yo, Ko) , It is noted that when the print unit 
21 receives a tone value Ao (=Co, Mo, Yo, or Ko), the print 
unit 21 ejects ink of a corresponding color at an ejection 

rate *La." (where a = c, m, y, or k; 0 5 La ^1), wherein La 
« Ao / 255. For example, when the print unit 21 receives a 
tone value Co of 100, the print unit 21 ejects ink of cyan 
color at an ejection rate "Lc* of 100 / 255. 

Next, the distribution table (look up table) T will be 
described in detail with reference to Figs, 5-8. The 
distribution table T is produced in advance and stored in 
the hard disk 14. 

As shown in Pigs. 5 and 6, in the distribution table T, 
distribution values Dc, Dm, Dy, Dk, for cyan, magenta, 
yellow, and black components, are stored in correspondence 
with all of the tone values of 0 - 255 which will be 
possibly inputted as black component Ki of input image data 
(Ci, Mi, Yi, Ki). 

More specifically, as shown in Pig. 5, the 
distribution value Dk is set in correspondence with each of 
all the possible tone values of o - 255 of the black 
component Ki, The distribution value Dk has characteristics 
represented by a curve {solid curve) for the black color (K) 
in Pig- 6. In other words, the distribution value Dk has a 
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tone value of z&ro (0) in correspondence with the tone value 
of the black color component data Ki smaller than a 
predetermined reference tone value. The aistribution value 
Dk has a tone value greater than zero (0) in correspondence 
5 with the tone value of the black color component data 

equal to or greater than the reference tone value. The tone 
value of the distribution value Dk increases in association 
with increase in the tone value of the black color component 
data Ki from the reference tone value. 

io Similarly, as shown in Fig, 5, the distribution value 

Dc is set in correspondence with each of all the possible 
tone values of 0 - 255 of the black component Ki so that the 
distribution value Dc has characteristics represented by a 
curve (dotted curve) for the cyan color in Fig- 6. 

15 Similarly, the distribution value Dm is set in 
correspondence with each of all the possible tone values of 
0 - 255 of the black component Ki so that the distribution 
value Dm has characteristics represented by a curve (one- 
dot-and-one-chain curve) for the magenta color in Fig- 6. 

20 The distribution value Dy is set in correspondence with each 
of all the possible tone values of 0 - 255 of the black 
component Ki so that the distribution value Dy has 
characteristics represented by a curve (two-dot-and-one- 
chain curve) for the yellow color in Fig. 6. 

25 The distribution table T is produced in a manner 
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described below. 

The value of the reference tone value is first 
determined in a manner described below. 

A solid black color patch is formed on a recording 
5 medium by black ink only based on black tone data Ki with 
the inaxirmam tone value (255). That is. a set of black tone 
data Ki of 255 is first prepared, and outputted as is as 
output image data Ko to the print unit 21.' As a result, the 
print unit 21 is controlled by the image data Ko Ki) of 

10 255 to print a black solid color patch. Then, the optical 
density (GD-k) of the solid black color patch is measured by 
a colorimeter or the like. In this example, the optical 
density (OD-k) is measured as *2.10." 

0?hen, a graph is prepared as shown in Fig. 7 , in which 

15 the horizontal axis denotes the tone value Ai Ci, Mi, Yi, 
Ki) for each of cyan, magenta, yellow, and black, and the 
vertical axis denotes the optical density. The measured 
optical density (OD-k) of the solid black color patch is 
indicated in the graph by a solid large dot, 

20 Next, an optical density curve is calculated for each 

of cyan, magenta, and yellow colors . 

It is noted that cyan color ink has three color 
components of cyan, magenta, and yellow. Magenta color ink 
has three color components of cyan, magenta, and yellow. 

25 Yellow color ink has three color components of cyan, magenta. 
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and yellow. 

It is assumed that the cyan color ink has cyan, 
magenta, and yellow color components at densities Cc, Cm, 
and Cy, respectively , that the magenta color ink has cyan, 
magenta, and yellow color components at densities Ma, Mm, 
and My, respectively, and that the yellow color ink has cyan, 
magenta, and yellow color components at densities Yc, Yra. 
and Yy, respectively. The values of the densities Cc, cm, 
Cy, Mc f Mm, My, Yc, Ym, and Yy can be determined by 
measuring the cyan ink, magenta ink, and yellow ink by a 
colorimeter or the like. 

In order to produce a single gray color patch having a 
desired optical density (OD-cmyJ by mixing the cyan, magenta, 
and yellow inks together, the cyan, magenta, and yellow inks 
have to be ejected at ejection rates of Lc, Lra, and Ly 
(where 0 i Lc, Lm, Ly ^ 1) that satisfy the following 
equations (1); 

OD-c = Lc * Cc + Lra * Mc + Ly * Yc, 

OD-m = Lc*Cm + Lm*Mm + Ly* Yin, 

OD-y = Lc * Cy + Lin * My + Ly * Yy, 

OD-c = OD-m = OD-y = OD-cmy 

Lc * Ci/255, 

Lm = Mi/255, and 

Ly * Yi/255 . . , (1) 

wherein (OD-c) is the optical density of the cyan 
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component of the gray color patch, (OD-m) is the optical 
density of the magenta component of the gray color patch, 
and (OD-y) is the optical density of the yellow component of 
the gray color patch, 
5 It is therefore known that in order to produce a gray 

color patch with a desired optical density (OD-cmy), cyan, 
magenta, and yellow tone values Ci, Mi r Yi satisfying the 
above- described equations (1) should be prepared, and 
outputted as they are as output values Co, Mo, Yo to the 
10 printer 2 so that the printer 2 will eject cyan, magenta, 
and yellow inks at the corresponding ejection rates Lc, Lm, 

In other words, in order to produce an arbitrary gray 
color patch with a desired optical density (OD-cniy}. a cyan 

is tone value Ci satisfying the above -described equations (1) 
should be prepared. In order to produce a plurality of gray 
color patches with a plurality of different optical 
densities (OD-caiy), a plurality of cyan tone values Ci 
should be prepared that satisfy the above - described 

20 equations (1) with respect to the subject plural optical 
densities (OP-cmy) - An optical density curve for cyan is 
therefore determined, as indicated by a dotted line in Fig. 
7, based on the relationship between the plural optical 
densities ( OD-cniy } (vertical axis in the graph) and the 

25 corresponding cyan tone values Ci (horizontal axis in the 
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graph) - 

Similarly, in order to produce an arbitrary gray color 
patch with a desired optical density (OD-croy) , a magenta 
tone value Mi satisfying the above -described equations (1) 
5 should be prepared. In order to produce a plurality of gray 
color patches with plural different optical densities (OD- 
cmy) , a plurality of magenta tone values Mi should be 
prepared that satisfy the above- described equations (1) with 
respect to the subject plural optical densities (OD-cray) - 

io An optical density curve for magenta is therefore determined, 
as indicated by a one- dot -and- one -chain line in Fig. 7, 
based on the relationship between the plural optical 
densities (OD-cmy) (vertical axis in the graph) and the 
corresponding magenta tone values Mi (horizontal axis in the 

is graph) - 

Similarly, in order to produce an arbitrary gray color 
patch with a desired optical density {OD-cmy), a yellow tone 
value Yi satisfying the above -described equations (1) should 
be prepared. In order to produce a plurality of gray color 

20 patches with plural different optical densities (OD-cmy), a 
plurality of yellow tone values Yi should be prepared that 
satisfy the above-described equations (1) with respect to 
the subject plural optical densities (OD-cmy)- An optical 
density curve for yellow is therefore determined, as 

25 indicated by a two-dot-and-one-chain line in Pig. 7, based 
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on the relationship between the plural optical densities 
(OD-cmy) (vertical axis in the graph) and the corresponding 
yellow tone values Yi (horizontal axis in the graph) - 

Thus, optical density curves for cyan, magenta, and 
5 yellow inks are determined as shown in Pig. 7. 

Then, on the thus prepared cyan ink curve, the tone 
value Ci (along the horizontal axis) is determined with 
respect to the optical density (OD-cmy) that is a half (1/2) 
of the optical density ("2.10, rt in this exaaiple) of the 

10 solid black patch. Similarly, on the magenta curve, the 
tone value Mi (along the horizontal axis) is determined with 
respect to the optical density (OD-cmy) that is a half of 
the optical density *2.10" of the solid black patch. Also 
on the yellow curve, the tone value Yi (along the horizontal 

15 axis) is determined with respect to the optical density (OD- 
cmy) that is a half of the optical density "2.10* of the 
solid black patch. In this example, a half (1/2) of the 
optical density m 2.10* is calculated as ^l.OS." Accordingly, 
in correspondence with the optical density (OD-cmy) of 

20 "l^OS", a tone value Ci of "110" is determined on the cyan 
curve, a tone value Mi of "100* is determined on the magenta 
curve, and a tone value Yi of "90" is determined on the 
yellow curve. Then, an average value of the selected tone 
value values Ci, Mi, Yi is determined as the reference tone 

25 value. In this example, the reference tone value is 
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determined as "100". It is noted that instead of using the 
average value, the minimum value of the selected tone values 
Ci, Mi, Yi may he determined as the reference tone value* 

Thus, according to the method described above, an 
5 appropriate reference tone value can be determined easily 
and quickly. 

After the reference tone value is set as described 
above, the distribution value Dk is set in correspondence 
with each of all the 256 black tone values Ki of 0 to 255 in 

10 a manner described below. 

First, as shown in Figs- 5 and 6, the distribution 
value Dk is set to zero (0) in correspondence with all of 
the black tone values Ki in the range of smaller than the 
reference tone value (*100* in this example). 

is In order that the distribution value Dk will increase 

in a monotone nondecreasing manner from the reference tone 
value Ki (100) toward the maximum tone value Ki (255) to 
finally reach the maximum distribution value Dk (255), a 
desirable exponential function is selected to produce a 

20 curve for the distribution value Dk as indicated by a solid 
line in Fig. 6. Then, along the thus produced black 
distribution curve Dk, the distribution value Dk is set, as 
shown in Fig* 5, for eactfi of all the black tone values Ki in 
the range between the reference tone value (100) and the 

25 maximum tone value (255)- 
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After the distribution value Dk is thus set for all 
the black tone values Ki in the range of 0 to 255, 
distribution values Dc, Dm, and Dy are set for all the black 
tone values Ki of 0 to 255 in a manner described below* 
5 It is noted that the distribution value Dk defines a 

black distribution curve as indicated by a solid line in Fig. 
8. (This black distribution curve is the same as that 
indicated by a solid line in Pig. 6.) It is noted that the 
black tone value Ki can be indicated by a linear broken line, 

10 in Fig. 8, which connects a minimum tone point (0, 0) to a 
maximum tone point (255, 255), The difference, between the 
black tone value and the black distribution value Dk, is 
defined as a distance (Ki - Dk) between the upper linear 
broken line and the lower solid curve, and is indicated by a 

is shadow area in the figure. The distribution values Dc, Dm, 
Dy are defined as tone values Ci, Mi, Yi for cyan, magenta, 
and yellow inks that are required to reproduce the tone 
difference (Ki - Tk) by using cyan ink, magenta ink, and 
yellow ink. This means that in order to reproduce an 

20 arbitrary input black tone value K±, a part with the 
distribution value Dk is reproduced using black ink, while a 
remaining part with the distribution value (Ki - Dk) is 
divided into distribution values Do, Dm, Dy and is 
reproduced using cyan ink, magenta ink, and yellow ink* 

25 Accordingly, for each black tone value Ki of 0 - 255, 
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a tone difference (Ki - Dk) , defined between the upper 
linear broken line Ki and the lower solid curve Dk, is 
calculated as a tone to be reproduced by cyan, magenta, and 
yellow inks. Then, distribution values Dc, Dm, and Dy are 
5 determined as tone values Ci, Mi, Yi that are required to 
print ink of cyan, magenta, and yellow colors, respectively, 
to reproduce the black tone difference (Ki - Dk) . 

It is noted that the optical density (OD-cmy) of an 
arbitrary tone difference (Ki - Dk) is determined based on 

ao the optical density (OD-k) of the solid black patch ("2. 10" 
in this example) and on the tone difference amount (Ki - Dk) 
by the following equation (2): 

(OD-cmy) - {OD - k) * (Ki - Dk)/255 ... (2). 

It is also noted that the distribution value Dc is 

15 determined for the optical density (OD-cmy) by referring to 
the cyan curve in Fig* 7. That is, a tone value (horizontal 
axis) Ci of the cyan curve with respect to the optical 
density (OD-cmy) (vertical axis) is determined as the 
distribution value Dc. Similarly, the distribution value Dm 

20 is determined for the optical density (OD-cmy) by referring 
to the magenta curve in Fig. 7. That is, a tone value 
(horizontal axis) Mi of the magenta curve with respect to 
the optical density (OD-cmy) (vertical axis) is determined 
as the distribution value Dm. The distribution value Dy is 

25 determined for the optical density (OD-cmy) by referring to 
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the yellow curve in Fig- 7. T&at is, a tone value 
(horizontal axis) Yi of the yellow curve with respect to the 
optical density (OD-cmy) (vertical axis) is determined as 
the distribution value Dy. 
5 For example, for input black data Ki of *200", the 

distribution value Dk, which should be reproduced by black 
color ink, is determined as equal to "100" by referring to 
the solid line of Fig* 8» The tone difference (Ki - Dk) , 
which should be compensated for by ink of cyan, magenta, and 

10 yellow, is calculated as equal to 18 100" as a distance 
between the upper linear broken line {Ki - 200) and the 
lower solid curve (Dk » 100). The optical density (OD-cmy) 
of the tone difference (Ki - Dk) of m 100* is determined by 
2*10 x 100/255 - 0.82 by the above- described equation (2). 

is On the cyan curve in Fig. 7, the tone value Ci (horizontal 
axis) has a value of "SO" in correspondence with the optical 
density (vertical axis) of 0.82. Accordingly, the 
distribution value Dc is set to "50* in correspondence with 
the input black data Ki of 200. On the magenta curve in Fig, 

20 7, the tone value Mi (horizontal axis) has a value of "48" 
in correspondence with the optical density (vertical axis) 
of 0.82. Accordingly, the distribution value Dm is set to 
"48* in correspondence with the input black data Ki of 200. 
On the yellow curve in Fig* 7, the tone value Yi (horizontal 

25 axis) has a value of *46" in correspondence with the optical 
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density (vertical axis) of 0*82. Accordingly, the 
distribution value Dy is set to " , 46" in correspondence with 
the input black data Ki of 200. 

In the same manner as described above for Ki ** n 200 " , 
5 for each of all the remaining tone values 0 - 199 and 201 - 
255 of the black tone value Ki, distribution values Dc, Dm, 
and Dy are determined by calculating the tone difference {Ki 
- Dk) , by calculating the optical density (OD-cmy) of the 
tone difference (Ki - Dk) , and by referring to the cyan, 
10 magenta, and yellow curves in Fig. 7. As a result, the 
distribution values Dc, Dm, and Dy are plotted as shown in 
Fig. 6, and are stored as shown in Fig. 5* Thus, the 
distribution values Dc. Dm, Dy, and Dk are set to have 
characteristics shown in Fig. 6 with respect to all the 
15 black tone values Ki of 0 - 255. 

It is noted that the thus obtained distribution values 
Dc* Dm, and Dy have the following relationships with the ink 
ejection rates of Lc, Lm, Ly: 
Dc « 255 * Lc, 
20 Dm = 255 * Lin, and 

Dy « 255 * Ly. 

With using the distribution table T, the image 
recording system 100 executes the image data conversion 
process program stored in the hard disk 14. As a result, 
25 input image data (Ci, M A , Y 1# KJ , which is configured from 
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cyan, magenta, yellow , and black color components and which 
has been prepared by an image preparation application or the 
like, is converted into output image data (Co, Mo, Yo, Ko) 
that is appropriate for the color printer 2, The output 
5 image data (Co, Mo, Yo, Ko) is then outputted to the color 
printer 2. 

This image data conversion process will be described 
below while referring to the flowchart of Fig. 3. 

First, in Si, the CPU 11 stores, in a work area of the 
10 RAM 13, input image data (Ct, Mi, Y if K x ) which is configured 
from cyan, magenta, yellow, and black color components, and 
which has been prepared by an image preparation application 
or the like. 

Then, in S2, the CPU 11 calculates a brightness index 
15 Tmp for the input image data (Ci< M*, Y ir Ki) . As indicated 
in the following equation (3), the smallest value of the 
input image data (C x , Mi, Y t ) is used as is as the brightness 
index Tmp: 

Trap = Min (C ± , Mi, Y±) (3) 
20 wherein Min (C ir M lr Y x ) is a function for extracting 

the smallest value from the parenthesized variables Ci, M*., 

Next, in S3, the CPU 11 judges whether or not the 
calculated brightness index Tmp is smaller than a 
25 predetermined fixed value MIN, which has been set in advance - 
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If so (S3: YES), then the program proceeds to S5 in which a 
distribution process coefficient 'Rate" is set to "1* and 
the routine proceeds to S8. On the other hand/ if the 
brightness index Tmp is greater than or equal to the fixed 
s value MIN (S3; NO), then it is further judged itx S4 whether 
or not the brightness index Tmp is larger th&n another 
predetermined fixed value MAX, which has also been set in 
advance. If so (S4iYES), then the program proceeds to S7 in 
which the distribution process coefficient "Rate" is set to 

10 n 0" and the routine proceeds to S8. On the other hand, if 
the brightness index Tmp is less than or equal to the fixed 
value MAX (S4:NO, that is, MIN £ Tttip ^ MAX), then the 
program proceeds to £6 in which the distribution process 
coefficient m Rate" is calculated according to the equation 

15 (4) indicated below, and the routine proceeds to S8i 
Rate = 1 - (Tmp - MIN)/(MAX ~ MIN) ... (4) 
It is noted that the fixed values MIN and MAX are for 
petitioning the gray scale into bright, intermediate , and 
dark tone regions. As shown in Fig. 4, in the gray scale, 

20 the bright tone region has the tone value of 0 to MIN, the 
intermediate tone region has the tone value of MIN to MAX, 
and the dark tone region has the tone value of MAX to 255 * 
When the brightness index Tmp of the input image data is 
located in the bright tone region, the distribution process 

25 coefficient "Rate* is set as being fixed to "l w . When the 
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brightness index Tmp is in the dark tone region, the 
distribution process coefficient *Rate w is set as being 
fixed to *0"* When the brightness index Tmp is in the 
intermediate tone region, the distribution process 
coefficient "Rate* changes between *0" and "1* 
proportionally to the tone value (brightness index Tmp) of 
the input image data. In this example, the fixed value NIN 
is set to 100 and the other fixed value MAX is set to 128. 

When the distribution process coefficient ^Rate" is 
determined as described above, then in S8, distribution data 
Tc, Tra, Ty, and Tk is calculated according to equations (5) 
indicated below, based on the distribution process 
coefficient "Rate" and on the input image data K ± for the 
black component: 

Tc = Rate x Table CIKi] 

Tm Rate x Table MIKiJ 

Ty * Rate x Table Y[KiJ 

Tk « Rate x Table K[Ki] ... (5) 

wherein Table C[KiJ, Table M[Ki], Table Y[Ki], Table 
K[Ki] are the distribution values Dc, Dm, Dy f Dk, which are 
stored in the distribution table (look up table) T of Figs, 
5 and 6 in association with the value of the input black 
tone value K±. 

It is noted that as described already, the 
distribution value Dk has characteristics represented by the 
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black color curve in Fig. 6. That is, the distribution 
value Dk has a tone value of zero (0) when the black color 
component data K t has a tone value smaller than the 
predetermined reference tone value. The distribution value 
s Dk becomes greater than zero (0) when the tone value of the 
black color component data Ki reaches the reference tone 
value* The distribution value Dk gets gradually larger in 
association with increase in the tone value of the black 
color component data Ki, Accordingly, black ink dots will 

10 not be produced in light colored regions with its black tone 
value Ki being smaller than the reference tone value. 

The distribution data Tc, Tm, and Ty indicates the 
amounts of portions in the input image data Ki to be 
distributed to input image data Ci, Mi, and Y*. The 

15 distribution data Tk will be used to calculate output image 
data K 0 after the portions of the input image data Ki are 
distributed to the input image data C if M±, Yj.. 

rt is noted that the distribution values Dc, Dm, Dy, 
Dk, stored in the distribution table T, are not used as they 

20 are to determine distribution data Tc, Tm, Ty, Tk. As 
indicated by eijuations (5), each of the distribution values 
Do, Dm, Dy f Dk is multiplied by the distribution process 
coefficient *Rate*, which has been calculated previously in 
accordance with whether the input tone data (Ci, Mi, Yi, Ki) 

25 is located in the bright, intermediate, or dark tone region 
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of Fig. 4, As a result, the rate how the distribution 
values Dc, Dm, Dy, Dk are distributed to the distribution 
data Tc, Tm t Ty f Tk changes in accordance with where the 
input tone data is located. That is r when the input data is 
5 in the bright tone region, where black dot "roughness" will 
appear highly noticeable. the distribution process 
coefficient *Rate R becomes "1* so that the distribution 
values Dc, Dm. Dy, Dk are used as they are as the 
distribution data Tc, Tra, Ty, Tk. However , when the input 

io data is in the dark tone region, where black ink dot 
"roughness " is virtually unnoticeable, the distribution 
process coefficient *&ate" is set to so that the 

distribution data Tc, Tm, Ty, Tk become zero. Thus, the 
input image data Ki for black component is not distributed 

15 at all to the cyan, magenta, or yellow color components. 
When the input data is in the intermediate tone region, the 
distribution process coefficient "Rate" is greater than "O" 
and less that "1* so that the input image data K A for the 
black component is distributed at a corresponding, proper 

20 rate to the cyan, magenta, or yellow color components. 

Once the distribution data Tc. Tm, Ty, Tk is 
calculated in S8, then in S9 output image data Ko for black 
component is calculated based on the following equation (6}: 
K<, - Tk +(1 - Rate) x Kx * . > (6} 

25 Accordingly, when the input image data is in the 



31 



bright tone region, because the distribution process 
coefficient ^Rate" is '1*, the output image data Kq is equal 
to the distribution data Tk f which is equal to the 
distribution value Dk, so the distribution data Tk is 
5 converted as it is for the output image data However, 
when the input image data is in the dark tone region, 
because the distribution process coefficient "Rate" is "0", 
the output image data K 0 is the same as the input image data 
Ki so that the input image data Ki is used as is as the 

10 output image data Ko« When the input image data is in the 
intermediate tone region, because the distribution process 
coefficient 'Rate" is greater than "0" and less that 
the output image data K 0 is calculated as follows: 
Kq = Rate * Dk + (l - Rate) ■ 

15 Next, ±n S10, output image data C 0 , Mo, Y c for cyan, 

magenta, and yellow components is calculated by combining 
the distribution data Tc, Tm, Ty with the input image .data 
C if H%, Y t according to the following equations (7): 
Co * Tc + Ci- (255 - Tc)/25S 

20 Mo r Tm + Mi ■ (255 - Tm)/255 ... (7) 

Yo - Ty + Yi * {255 - Ty)/255 

Thus, the distribution data Tc, Tm, Ty is combined 
with the input image data Ci, Mi, Y* in a manner that the 
input image data Ci, Mi, Yj is not simply added to the 
25 distribution data Tc, Tm, Ty. Instead, as shown in Fig. 9 
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for cyan component, first the distribution data Tc is set. 
Then* Input image data Ci is compressed into the region of 
the amount of (255 - distribution data Tc), and is added to 
the distribution data To. Therefore, the resultant output 
s image data C 0 will never exceed the maximum tone value of 
255- The same is for magenta and yellow. Accordingly, the 
tone of cyan, magenta, and yellow can be effectively 
prevented from flattening in the dark tone region. 

More specifically, if CMY components were simply 

10 oombined with gray components Tc, Tm, and Ty, the values of 
the CMY components will possibly overflow because CMY 
components have their own original values. That ls P each of 
the CMY components can represent values in the tone range of 
0 to 255- If CMYK components have original values (255, 0, 

is 0, 50), for example, because C component already has the 
maximum value of 255, it is impossible to distribute the 
gray components Tc, Tia, Ty of 50 to the C component. 
According to the embodiment , therefore, the Tc, Tm, Ty 
distribution operation is performed according to the 

20 equations (7) by considering the values of the respective 
CMY components Ci, Mi, Yi. 

Next, in Sll the output image data C 0 , Mo, Y 0 , K« thus 
obtained from the input image data C i# Mi, Y lf K 4 is 
outputted to the color printer 2. The print unit 21 prints 

25 a full color image on the recording medium based on the 
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output image data C 0 , Mo, Y a , Ko. 

By executing the image data conversion process method 
describe above, input image data Ki for the black color 
component is divided into distribution data Tc, Tm, Ty, and 
5 Tk. The distribution data Tc, Tm. and Ty is combined to the 
input image data Ci f Mi, and Yi. More specifically, of the 
input image data K± for the black component, the 
distribution data Tk portion is reproduced using black ink, 
while the distribution data To, Tm, Ty portions are 

10 reproduced using the three ink colors of cyan, magenta, and 
yellow . Therefore, black ink dots can be prevented from 
being printed on light colored areas, so that undesirable 
black dot 'roughness" can be prevented from being generated 
in light colored areas. 

15 In particular, black ink is not used at all when the 

input image data Ki is in the bright tone region, that is, 
up to the predetermined reference tone value. In the bright 
tone region, the gray scale is reproduced using only the 
three ink colors of cyan, magenta, and yellow. Therefore, 

20 no black Xnk will be ejected onto those light colored areas, 
so that black ink 'roughness* can be completely eliminated 
from the light colored areas. Accordingly, the fixed value 
MIN, which is the reference used in S3 (Fig. 3) when 
calculating the distribution process coefficient "Rate", is 

25 normally set equal to the reference tone value ("100" in 
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this example). However, the fixed value MIN need not always 
set equal to the reference tone value. 

In the dark tone region, where black ink dot 
"roughness" is virtually unnoticeable, the input image data 
5 % is outputted to the printer 2 as is for the output image 
data K 0 » without distributing any portion of the input image 
data Kt to the input image data C if M i# Y*. 

Because distribution of black component to CMY 
components is not performed in the dark tone region, 

10 degradation in black tone can be prevented from occurring. 
That is, the quality of the gray scale can be effectively 
prevented from degrading in the dark region. It is ensured 
that black color can be effectively reproduced at a 
sufficiently high density. 

15 It is noted that in order to reproduce black color by 

CMY ink, it is necessary to attach, onto a recording medium, 
a larger amount of ink than reproducing black color by K ink 
only- Because ink has solvent mixed with pigment, increase 
in the amount of ink, attached to the recording medium, 

20 indicates that the entire amount of the solvent, attached to 
the recording medium, increases. When a too large amount of 
liquid is attached to the recording medium, the amount of 
the surface reflection increases, and therefore the surface 
becomes shining. Accordingly, if distribution of black 

25 component to the CMY components were performed in the dark 
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tone region, the dark tone region will appear a lighter tone. 
An undesirable pseudo-contour will possibly appear 
noticeable around that region. Therefore* according to the 
present embodiment, distribution of black component to CM¥ 
5 components is not performed in the dark tone region. The 
desired dark density of the dark tone region can therefore 
be reliably reproduced* 

Additionally, according to the present embodiment, 
because distribution of black component to CMY components is 

10 not performed in the dark tone region, the gray scale can be 
prevented from being colored in dark tone region. 

It is noted that inks of cyan, magenta, and yellow 
have different densities. Accordingly, in order to 
reproduce some achromatic, gray tone, it is necessary to 

15 attach inks of those colors at different rates. For example, 
while attaching yellow ink at 50 % recording density, cyan 
and magenta inks have to be attached at 40 % recording 
densities. Such a relationship will be continued to the 
dark tone region* When attaching cyan and magenta ink at 

20 80 % recording densities, it will possibly be necessary to 
attach yellow ink at 100 % recording density. It is 
theoretically possible to reproduce any gray tone by 
adjusting the color balance among cyan, magenta, and yellow 
when the attaching amount in each ink is smaller than the 

25 maximum amount {100 %) . However, when the attaching amount 
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of ink for at least one color exceeds the maximum amount 
(100 %), the gray tone will be colored with the too 
excessive amount of that ink. According to the present 
embodiment, because distribution of the K component to the 
5 CMY components is not performed in the dark tone region, it 
is possible to prevent the dark tone region from being 
colored , 

it is noted that the fixed value MAX, which is used in 
S4 (Fig, 3} as a reference when calculating the distribution 

io process coefficient "Rate", should be set to such a value 
that can prevent occurrence of the above -described quality 
degradation in the dark tone region. 

For example, the amount of the fixed value MAX can be 
determined in a manner described below. 

is First, the print unit 21 is controlled to produce a 

plurality of mixed-color color patches by ejecting all of 
the cyan ink, magenta ink, yellow ink, and black ink at a 
plurality of tone levels that are different from one another 
in stepwise increments. Each color patch is produced 

20 according to the same tone level for all of the four color 
inks. 

Then, the plurality of mixed-color color patches are 
visually observed to select one or more allowable color 
patches where no ink bleeding appear. Among the selected 
25 allowable one or more color patches, one color patch that 
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has printed with the highest tone level is further selected. 
The tone level of this color patch is determined as a 
highest limit for the value MAX. The value MAX is then set 
to some desirable value in a range that is defined as equal 
to or smaller than the determined highest limit. For 
example, the image conversion process of Fig. 3 is performed 
to produce output images hy using a candidate value as the 
value MAX, wherein the candidate value is smaller than or 
equal to the highest limit. The image conversion process is 
performed repeatedly while changing the candidate value. 
The output images obtained during the repeatedly- performed 
image conversion processes are visually observed, The value 
MAX is set to one candidate value that has been used during 
one image conversion process that has attained the best 
quality output image. 

According to the present embodiment,, the intermediate 
tone region is provided between the bright tone region, 
where the black component is distributed completely amongst 
the three color components of cyan, magenta, and yellow, and 
the dark tone region , where the black component is not 
distributed amongst the three color components of cyan, 
magenta, and yellow at all. In the intermediate tone region, 
the black component is distributed amongst the three color 
components of cyan, magenta, and yellow at a properly- 
changing rate. Therefore, discontinuity can be prevented 
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from being generated between the bright and dark tone 
regions, so that pseudo contours or the like are not 
generated in the recorded full color image* 

While the invention has been described in detail with 
5 reference to the specific embodiment thereof, it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
tbe spirit of the invention, tbe scope of wfcich is defined 
by tbe attached claims- 
10 For example, according to the present embodiment, the 

smallest value of the input image data C 1# M if Y % is used as 
the brightness index Imp of the image data. However, the 
average value of the input image data C t/ Mi, Yi could be 
used instead. 

15 In the above -described embodiment, when the brightness 

index 'Tmp* is located in the intermediate tone region, the 
distribution data Dc, Dm, Dy, and Dk is multiplied with the 
coefficient "Rate*, of a value greater than zero (0) and 
smaller than one (1), before being combined with the input 

20 image data Ci, Mi, Yi, and Ki. However, the distribution 
data Dc, Dm, Dy, ana Dk raay be adjusted in other various 
manners before being combined with the input image data Ci, 
Mi, Yi, and Ki, 

In the above-described embodiment, the reference tone 

25 value is set to such a tone value that can produce, by cyan. 
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magenta, and yellow inks according to corresponding 
distribution data Do. Dm, Dy, a gray color patch that has an 
optical density equal to a half (1/2) of the optical density 
(OD-k) of 2.10 of the solid black color patch, which is 
5 produced according to image data Ki of the maximum tone 
value (255). More specifically, the reference tone value is 
set to the average value of tone values Ci(-Dc). Mi(^Dm}, 
Yi(^Dy) that can produce a gray color patch of the optical 
density (1.05) , by cyan, magenta r and yellow inks according 

10 to the corresponding ejection rates Lc, Lm, Ly, wherein Lc » 
Ci/255 (* Dc/255), Lm = Mi/255 (= Dm/255), and Ly = Yi/255 
(= Dy/255) . However, the reference tone value may be set to 
another tone value that can produce, by cyan, magenta, and 
yellow inks according to corresponding distribution data Dc, 

is Dm, Dy, a gray color patch that has an optical density whose 
value has some other predetermined relationship with the 
optical density (2.10) of the solid black color patch 

$he reference tone value can be determined in other 
various manners. For example, the reference tone value can 

20 be determined in a manner described below. 

The print unit 21 is controlled to produce a plurality 
of mixed-color color patches by ejecting ink of three colors 
of cyan, magenta, and yellow at a plurality of tone levels 
that are different from one another in stepwise increments. 

25 Each color patch is produced according to the same tone 
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level for -all of the three color Inks. More specifically, a 
plurality of sets of input image data (Ci r Mi, Yi) are 
prepared with their tone values being arranged at a fixed 
amount of interval. For example, a plurality of sets of 
5 input image data (Ci r Mi, Yi) are prepared, wherein Ci « Mi 
- Yi = 0 , CI = Mi - Yi = 1 , Ci = Mi = Yi = 2 , Ci - Mi = Yi - 
3. and Ci = Mi = Yi = 255, Then, the thus prepared 

plural sets of input image data (Ci, Mi, Yi) are outputted 
as they are as plural sets of output image data (Co, Mo, Yo) 

10 to the print unit 21, As a result, a plurality of mixed- 
color color patches are produced at a plurality of tone 
levels of 0, 1, 2, 3, 4, . 255* Thus, the plurality of 
mixed- color color patches are produced by inks of cyan* 
magenta, and yellov in stepwisely- increasing dot recording 

15 densities* It is noted that among all the plurality of 
color patches, only nine color patches are shown in Fig. 10 < 
The print unit 21 is further controlled to eject black 
ink onto each of the mixed- color color patches in a 
predetermined dot recording density, of 1 % for example, 

20 that corresponds to a predetermined black tone value Ki* 
More specifically, a predetermined black tone value Ki i$ 
prepared, and is outputted as it is as output image data Ko 
to the print unit 21. As a result, black ink is ejected at 
the corresponding dot recording density onto each of the 

25 mixed-color color patches. 
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Then, the plurality of color patches are visually 
observed by an operator. It can be observed that dot 
roughness appear noticeable on one or more color patches 
(unallowable color patches) which have been printed with 
relatively low CMY tone values , while dot roughness appear 
unnoticeable on other color patches (allowable color 
patches) which have been printed with higher CMT tone values* 
The operator visually selects one "border" color patch where 
black dot "roughness* no longer appears noticeable. In 
other words, among those allowable color patches that result 
in unnoticeable black dot "roughness*, the operator selects 
one color patch that has been prepared by the lowest CMY 
tone value as the "border" color patch. The tone value Ci 
(sMi»yi) 0 f the "border" color patch is set as the reference 
tone value. 
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